quence analysis of ribosomal DNA revealed that AP is induced bya distinct phytoplasma that is closely related to the pear dec1ine (PD) and European stone fruit yellows (ESFY) agents, the causes of two other major diseases of temperate fruit trees (Seemüller et al., 1998) . Unlike most or all other phytoplasmas, which are transmitted by either leafhoppers (Cicadellidae) or planthoppers (Fulgoroidea), the three fruit tree phytoplasmas are mainly or only spread by psyllids (Psyllidae) (Frisinghelli et al., 2000; Tedeschi et al., 2002) . Recently, the AP phytoplasma was delineated taxonomically under the provisional status 'Candidatus' for uncultured bacteria as 'Candidatus Phytoplasma mali' (Seemüller and Schneider, 2004) .
Taxonomie Position
In the current phytop1asma taxonomy, which is main1y based on sequence analysis of 16S rDNA, 'Ca. P. mali' is assigned to the AP or 16SrX group in the phytoplasma phy10genetic clade. Other group members are 'Ca. P. pyri' (the PD agent), 'Ca. P. prunorum' (the ESFY agent), the peach yellow 1eaf roll (PYLR) agent, and the new1y identified PD (PDTW) agent from Taiwan (Lee et al., 2000; Liu et al., 2007; Seemüller and Schneider, 2004) . Sequence a1ignment revealed that the 16S rDNA sequences of four AP phytop1asma strains from Germany, Ita1y, and Spain are identica1 or nearly identical, with simi1arity values of 99.9-100% (Seemüller and Schneider, 2004) . There is no indication of sequence heterogeneity between the two rR A operons of 'Ca. P. mali.'
'Ca. P. mali' is phylogenetically closely related to the other AP group members. In interspecific comparisons of the API PD, AP/PDTW, AP/ESFY, and AP/PYLR agents, differences in l6S rDNA sequences were 1.0-1.1, 1.1-1.3, 1.3-1.5, ·and 1.4-1.6%, respectively (Liu et al., 2007; Seemüller and Schneider, 2004) . These differences are below the recommended threshold of 2.5% for assigning species rank to phytoplasmas (IRPeM, 2004) . However, supporting data for distinguishing the AP, PD, 67 and ESFY agents at the species level were obtained by examining other molecu1ar or sero10gical properties and considering vector transmission and host-range specificity.
More distantly related to 'Ca. P. mali' are three other phytoplasmas that cluster in the same subclade as the AP group members: 'Ca. P. spartii' (associated with spartium witches' broom), 'Ca. P. rhamni' (associated with buckthorn witches'-broom), and 'Ca. P. allocasuarinae' (associated with allocasuarina yellows). They share between 94% and 97.2% l6S rDNA sequence similarity with the AP-group members (Marcone et al., 2004) . Another ribosomal marker, the spacer region between the 16S and 23S rRNA gene that contains the highly conserved tR Alle gene, is slightly more variable than the 16S rRNA gene. The sequence identity values between 'Ca. P. mali' and the other fruit tree phytoplasmas range from 96.0 to 98.5% whereas the dissimilarities with the other phytoplasmas clustering in the AP subclade are more than 10% (Marcone et al., 2004; Seemüller and Schneider, 2004) .
Analyses of sequences otherthan those of the l6S rRNA gene and the 16S123S rDNA spacer region revealed a considerable genomic variability in AP phytoplasma isolates (Seemüller and Schneider, 2007) . Recently the nucleotide sequence of the entire chromosome ofthe AP phytoplasma, strain AT, was determined. This work and comparative studies by pulsed-field gel electrophoresis showed that the genome size of 'Ca. P. mali' strains ranges between 600 to 640 kb. Furthermore, restriction digestion of entire chromosomes with endonuclease I-CeuI revealed that the AP phytoplasma has a linear chromosome, unlike the previously sequenced phytoplasmas, which are characterized by circular chromosomes (Seemüller and Schneider, 2007; Kube et al., 2008) . Within 'Ca. P. mali,' three subtypes have been defined that are used in epidemiological studies to monitor their geographic distribution (Jarausch et al., 2000 (Jarausch et al., , 2004c .
Symptoms and Eeonomic Impact
AP induces specific and nonspecific symptoms on shoots, leaves, fruits, and roots. The first indication of disease is often foliar reddening in late summer to mid fall, which is in contrast to the normally yellow fall coloration of healthy trees. In July or August of the following year, symptomatic trees may form witches' brooms as the most conspicuous symptom, through the suppression of apical dominance and by the growth of normally dormant axillary buds on the upper part of vigorous shoots. The resu1ting secondary shoots are steeply erect and differ from normally wide-angled growth of lateral buds (Fig. 14.lA and C). On less vigorous shoots or later in the season, leaf rosettes on the apex may appear instead of witches' brooms.
Leaves of rosettes, upper parts of brooms, and current season's shoots as weil as basal leaves of young shoots of diseased trees often have enlarged stipules that differ from other forms of large stipules by distinct denticulation and symmetric shape ( Fig. 14.lB) . Witches' brooms, rosettes, and enlarged stipules are the only symptoms of AP that aJlow a reliable diagnosis (Seemüller, 1990) . The AP symptoms are somewhat similar to those caused by apple sessile leaf disease, a recently described disorder associated with an aster yellows phytoplasma ('Ca. P. asteris') in Lithuania (Jomantiene and Davis, 2005) . Based on fluorescence microscopical studies and oxytetracycline treatments, the apple decline disease observed in Washington state (USA) was also supposed to be caused by phytoplasmas (Parish et al., 1992) . However, this assumption could not be confirmed by peR approaches using phytoplasma-specific primers (L. Parish and E. Seemüller, unpublished results) .
AP reduces yield and fruit quality considerably. While fruit number is usually not affected, fruit weight is often reduced by 30-60%, the fruit color is unsatisfactory, and the taste is poor, with the result that as much as 80% of the fruits are unmarketable. The small fruits (Fig. 14.lD) have longer peduncles than fruits from healthy trees. Diseased trees leaf out earlier in spring, but ftowering is slightly delayed. Leaves are often light green to chlorotic and are often smaller and more susceptible to powdery mildew than normal. The vigor of young trees is severely reduced and their root system is poody developed (Fig.  14.1 F) and characterized by dense tufts of short, knotted feeder root . Larger roots, from which subterraneous witches' brooms may arise, are reduced in number and size. Such trees decline and either don't recover or recover poody and should therefore be upraoted. Trees that become infected at a later stage and had a well-developed root system when they became infected suffer· less from the disease and show a better recovery (Kunze, 1989; Seemüller, 1990) .
The symptoms occur irregularly. Witches' brooms and undersized fruits are typical for newly diseased trees and can be observed for only one or a few years after they first appear. Then, trees often start to recover and show just foliar reddening and enlarged stipules and may eventually become nonsymptomatic for one or more years. During the remission period, yield, fruit size, and fruit quality increase, but usually not to the level of healthy trees. The yield of partially recovered trees reaches about 60% of that of healthy trees (Kunze, 1989) . When the percentage of diseased trees is high and the productivity decreases too much, orchards have to be uprooted, often several years within their normal life span. During the remission period, symptoms such as witches' brooms may reappear any time, especially after grafting or severe pruning.
There is indication that the variation in symptom expression is related to the seasonal fluctuation of the phytoplasma population in aerial parts of infected trees. Because phytoplasmas depend on functional phloem sieve tubes (Fig. 14.lE) and becau e the sieve tubes in the stern cease to function in late fall and early winter, the pathogen (Fig. 14.lE) is eliminated in the aerial parts during winter. It survives in the roots, where functional sieve tubes are present throughout the year. From the raots, the scion may be re-colonized in spring when new phloem is being formed. Re-colonization takes place more frequently in the first years of disease, but later the stern may not be re-colonized every year or at all. These differences in colonization explain the fluctuation in symptom expression. Trees intensively colonized in the aerial parts usually develop characteristic symptoms, whereas those only partially, weakly, or not colonized develop mild or no symptoms. The root system of infected trees remains colonized for the Iife of the tree (Carraro et al., 2004; Pedrazzoli et al., 2008a; Seemüller, 1982, 1984; Seemüller et al., 1984a Seemüller et al., , 1984b .
The symptomatology described above is typica1 for cultivars grawn on Malus x domestica-based rootstocks. However, there are some differences in the response to infection in this genetic material. According to Kunze (1989) disease incidence and severity is higher in trees on vigorous rootstocks, such as M 4, M 11, and MM 104, than on dwarfing standard stock M 9. Also, the cultivars differ to some extent. In work by Zawadzka (1976) , vigor and yield of cultivars Starking, Mclntosh, and Jonathan were more affected than those of cvs. Idared and Spartan. Also, scab-resistant cultivars Florina, Prima, and Priscilla proved very susceptible to AP (Loi et al., 1995) . In contrast to trees on established rootstocks, trees on some experimental apomictic rootstock se1ections, which mostly derive from crossings between M. sieboldii and M. x domestica cultivars, develop no or only mild symptoms. Following graft inoculation, the trees may show foliar reddening and enlarged stipules for one or two years and then recover. During the remission period, only light foliar reddening or yellowing may occasionally appear. These are usually also the only symptoms that can be observed when trees on such rootstocks are grown under natural infection conditions. Some Malus species and a number of experimental apomictic rootstock selections proved highly susceptible to AP, responding to infection by quick or slow decline (Bisognin et al., 2008b; Kartte and Seemüller 1991a; Seemüller et al., 1992) .
Symptom development also depends on the virulence of the infecting AP phytoplasma strain. In a graft inoculation experiment, different sources of the pathogen reduced vigor by 20-77%. Fruit size was similarly affected (Kunze, 1976) . In a more recent study, the virulence of 24 randomly collected strains was examined by graft-inoculating Golden De1iciou trees on M 11 and monitoring symptom development over a 12-year period. The strains were categorized as not or mildly, moderately, or severely virulent. The three levels of virulence occurred with about the same frequency. Trees infected by the first group were virtually indistinguishable from healthy controls or showed only occasionally mild symptoms. Trees inoculated with the other groups more frequently showed symptoms that ranged from moderate to severe and included undersized fruit formation and tree decline. The vigor of moderately affected trees was reduced by 26% and that of severely affected trees by 62%. Determination of phytoplasma titers by quantitative real-time PCR with DNA extracted from roots of diseased trees as a template revealed similar phytoplasma concentrations in all virulence groups (Seemüller and Schneider, 2007) .
Hast Range
Cultivars and rootstocks of the domestic apple Malus x domestica are naturally infected by 'Ca. P. mali' and develop AP symptoms. By PCR using AP phytoplasma group-specific primers, the pathogen was also observed in naturally infected trees of M.
toringoides, and M. x zumi. Most of the infected trees showed specific symptoms or growth suppression (E. Seemüller, unpublished results) . In graft inoculation experiments, 58 ornamental and wild Malus species and subspecies as weil as 40 hybrids of different Malus species, which were used as rootstocks, could be infected with 'Ca. P. mali' as evidenced by symptom development in the scion cultivar and microscopic detection Seemüller, 1988, 1991b) . The pathogen was also transmitted to M. x dawsoniana, where it induced severe symptoms (Morvan and Castelain, 1975) . Furthermore, transmission succeeded to several dodder species including Cuscuta subinclusa (Marwitz et al., 1974) , C. campestris (Carraro et al., 1988) , C. europea, and C. reflexa (E. Schneider, unpublished results) and from there to periwinkle (Catharanthus roseus) (Carraro et al., 1988; Marwitz et al., 1974) , Nicotiana occidentalis, and ce1ery (Apium graveolens) (E. Schneider, unpublished results). By grafting, the disease was also transmitted to other Nicotiana species (N. tabacum, N. clevelandii, N. quadrivalvis) and tomate (Solanum lycopersicum) (Lauer and Seemüller, 2000) .
Restriction analysis of PCR-amplified ribosomal D A obtained with AP phytoplasma group-specific primers resulted in identification of a phytoplasma that showed with several suitable restriction enzymes the same RFLP profiles as 'Ca. P. mali' in the following naturally infected plants: Carpinus betulus (hornbeam), Convolvulus arvensis (bindweed) (Seemüller, 2002) , Corylus avellana (hazel) (Marcone et al., 1996) , Crataegus monogyna (hawthorn), Prunus salicina (Japanese plum) (Lee et al., 1995) , P. avium (sweet cherry), Pyrus communis (pear), P. pyrifolia (Nashi pear), Quercus robur, and Q. rubra (oak). Most or all of these plants were symptomatic but because they were often doubly or multiply infected, it was not clear by which phytoplasma the symptoms were caused. It also remains to be investigated (by inoculation experiments) whether the 'Ca. P. mali'-type phytoplasmas identi fied in these hosts are pathogenic to apple.
Transmission and Epidemiology
AP can be transmitted from tree to tree by grafting. Usually, better results are obtained by scion grafting than by grafting smaller pieces of tissue. Also, root scions are often a better inoculum than stern scions because phytoplasma concentration in the roots is often higher than in the stern, especially when the donor tree is non-symptomatic. In addition, unlike the stern, roots are not subjected to seasonal tluctuation of the phytoplasma colonization (Seemüller et al., 1984b) . Transmission to plants of other genera has been achieved with dodder bridges (see under Host Range). The disease is not seed-transmissible (Seidl and Komarkova, 1974) . Transmission via root bridges was demonstrated by inserting roots from an infected tree and a healthy tree into a narrow plastic hose and growing the trees for 2 years in the same container. Without experimental contact, spontaneous anastomosis resulting in AP phytoplasma transmission was also observed (Ciccotti et al., 2008) .
In vitro culture was employed successfully to maintain 'Ca. P. mali' in micropropagated Malus cultivars (Jarausch et al., 1996) . By micrografting the pathogen was transmitted to M. sieboldii and M. sieboldii x M. x domestica hybrids that are used in an in vitro approach to screen for AP resistance (Bisognin et al., 2008a) .
Most important for the natural spread of 'Ca. P. mali' are insect vectors. Two psyllids, Cacopsylla picta (Förster) (syn. C. costalis Flor) and C. melanoneura (Förster) actively spread the disease agent (Frisinghelli et al., 2000; Tedeschi et al., 2002) . C. picta is a Europe and Asia Minor species and is narrowly oligophagous on Malus spp. and, according to Harisanov (1966) , on Prunus armeniaca. The insect completes one generation per year and overwinters as an adult on shelter plants, usually conifers and, in warmer climate, also on broad1eaved trees. At the end of winter/early spring (March/April), C. picta re-immigrants move from the sheller plants back to app1e trees for oviposition. The insects of the new generation feed on the reproduction host until the beginning of July when they leave the apple trees as adults to move back to overwintering hosts. C. melanoneura has a holopalaearctic distribution and is widely oligophagous on Crataegus and Malus spp. Occasionally it also Iives on Pyrus and Mespilus spp. The Iife cycle is similar to that of C. picta but the overwintering adults appear earlier in the year on apple trees and the new generation abandons the reproduction host earlier than C. picta (Conci et al., 1993; Lauterer, 1999; Lauterer and Cermak, 2006; Mayer and Gross, 2007; Mattedi et al., 2008) . In most areas where AP is a problem, both species are present (Carraro et al., 2001; Delic et al., 2005; Jarausch et al., 2003; Mattedi et al., 2008) whereas in others, such as the Piemonte region of northwestern Italy, only C. melanoneura has been found (Tedeschi et al., 2002) .
C. picta and C. melanoneura transmit the pathogen in a persistent manner. The presence of phytoplasma-infested and infective psyllids among the first re-immigrants collected in apple orchards suggests winter retention of the pathogen in both species (Jarausch et al., 2004a; Mattedi et al., 2008; Tedeschi et al., 2003) . In the Piemonte region, 3.5% of C. melanoneura re-immigrants and 0.8% of the springtime adults were infested (Tedeschi et al., 2003) . In northeastern Italy, the natural infection rate of C. picta was found to be 9% and 13% for overwintering and springtime adults, respectively (Carraro et al., 2008) . In Germany, 9% of overwintering C. picta and 0.4% of overwintering C. melanoneura carried the pathogen (Jarausch et al., 2004a) . In experimental transmission trials conducted in Germany and Italy, it was confirmed that both generations of C. picta transmit the agent efficiently. The main natural transmission period of this vector as determined by bait plant trials in Trentino was found to be during the migration period ofthe new generation. The data indicate that C. picta is the major AP phytoplasma vector in Germany and northeastern Italy (Carraro et al., 2008; Jarausch et al., 2004a; Mattedi et al., 2008 ). In contrast, experimental transmission by C. melanoneura succeeded only in a single case in Trentino but has been reported repeatedly for populations captured in Piemonte where, like C. picta, both generations transmit the pathogen (Tedeschi et al., 2002; Tedeschi and A1ma, 2004) .
In addition to C. picta and C. melanoneura, there are also reports on transmission of 'Ca. P. mali' by the 1eafhopper Fieberiellaflorii (Still) from Germany (Krczal et al., 1988) and Piemonte (Tedeschi and Alma, 2006) . F. florii, known to be a vector of the X-disease agent in the United States (Rosenberger and Jones, 1978) , completes one generation per year and overwinters as egg, nymph, or adult. The insect is typically polyphagous. It is present on apple trees usually in low numbers at the end of the growing season. Its role as an AP vector remains to be further investigated.
Geographical Distribution
AP occurs in most European countries where apple is grown. However, it is of economical importance mainly in a zone extending across the middle of Europe. Roughly, a line running from southern Netherlands to Moldova marks the northern border of this zone. The southern extension of this zone reaches to southern France, the Po valley of Italy, the Balkan states, and northern Greece. It is not known whether this restriction is due to a missing vector or to unsuitable temperatures. Recently, the disease has been identified in Turkey (Sertkaya et al., 2008) .
Detection
Specific disease symptoms like witches' brooms, enlarged stipules, and rosettes are indicative for 'Ca. P. mali' infection and do not require further investigations. In case of nonspecific symptoms and latent infections detection is possible by indexing using woody indicators such as M. x domestica cv. Golden Delicious or M. x dawsoniana (Kunze, 1989; Morvan and Castelain, 1975) . Grafting of root scions is recommended because phytoplasma titers in roots are generally higher than in aerial parts and because roots, unlike the stern, are colonized throughout the year (Seemüller et al., 1984b) . Per test, five plants should be included and should be observed for two growing seasons. The lengthy procedure and low sensitivity, especially for the detection of mild strains or when testing conditions are suboptimal, limit the interest of this indexing approach.
Detection is also possible by electron microscopy. However, expensive equipment, time requirement, and low sensitivity prevent the wide use of this technique. Staining of tissue sections with the tluorescent DNA dye 4'-6-diamidino-2-phenylindole (DAPI) (Seemüller, 1976) has been widely applied and enables microscopic screening of large sampie numbers with mostly satisfying sensitivity. However, very low phytoplasma titers as occurring, for instance, in apomictic rootstocks, are difficult to detect. Immunological detection methods such as ELISA, immunoblot, or histological applications for which highly specific monoclonal antibodies are available (Loi et al., 2002) show about the same sensitivity as DAPI tluorescence microscopy. An ELISA based on one of these monoclonal antibodies is commercially available (Bioreba). The antibody binds to a surface epitope of an abundant immunodominant membrane protein of strain AP15 of 'Ca. P. mali.' A recombinant scFv (single chain variable) fragment was also selected against the homologous membrane protein of 'Ca. P. mali' strain AT. Immunoblot analyses with five different AP strains showed that the Bioreba monoclonal antibody and the scFv fragment do not show the same reactivity pattern, indicating antigenic variability within the immunodominant membrane protein Schneider, 2004, 2007) .
DNA-based techniques became available when protocols for the enrichment of phytoplasmal DNA and their subsequent cloning were implernented (Kirkpatrick et al., 1987; Kollar et al., 1990) . Dot-and Southern-blot hybridization of extracted sampie D A with AP phytoplasma-specific probes were used for some time for detection and identification (Kison et al., 1997; Lee et al., 1992) . However, for detection, hybridization techniques were soon replaced by the PCR technology, which is the method of choice in terms of sampIe preparation, throughput, specificity, and sensitivity. Most primers are located in the 16S rR A gene and in the variable 16S123S rDNA spacer region upstream ofthe tRNA
IIe gene (Baric and Dalla Via, 2004; Lee et al., 1995; Lorenz et al., 1995; Smart et al., 1996) . Due to the close relationship of 'Ca. P mali' with 'Ca. P. pyri' and 'Ca. P. prunorum,' most of these primers show cross reactivity with the D A of other AP-group fruit tree phytoplasmas (Lorenz et al., 1995) . Differentiation of the pathogens can be achieved by RFLP analysis with frequently cutting restriction enzymes such as SspI, RsaI, SfeI and BsaAI (Lee et a1., 1995; Lorenz et al., 1995; Smart et al., 1996) .
Primers based on non-ribosomal sequences are also available (Galetto et al., 2005; Jarausch et al., 1994; Lorenz et a1., 1995; Seemüller and Schneider, 2007) . Some combinations are specific for 'Ca. P. mali' (Jarausch et a1., 2000) while others cross-amplify the target from the related fruit tree phytoplasmas or do not detect all AP phytoplasma strains (Lorenz et al., 1995) . Nested PCR assays using a sequential amplification with a set of universal and more or less specific ribosomal primers are often employed (Lee et a1., 1995) . However, highly sensitive nested PCR is not required for AP phytoplasma detection in apple and includes the risk to obtain false positives. Real-time PCR using ribosomal or nonribosomal primers in combination with TaqMan probes or SYBR green stain are increasingly employed (Baric and Dalla Via, 2004; Baric et al., 2006; Galetto et al., 2005; Jarausch et a1., 2004b; Seemüller and Schneider, 2007; Torres et a1., 2005) . At present, real-time assays are more expensive than conventional PCR but are simpler, faster, and slightly more sensitive (Baric et al., 2006) . The occurrence of phytoplasmas other than 'Ca. P. mali' in apple (Bertaccini et al., 2001; Franova, 2005; Jomantiene and Davis, 2005) underlines the need of specific primers for diagnosis of AP and investigation of the role of 'non-AP' phytoplasmas in apple.
Control
The use of certified planting material is recommended to delay the outbreak of the disease. uclear stocks should be screened at regular intervals by examining root sampIes using a sensitive and specific PCR procedure. Stern sampIes of latently infected trees are often PCR-negative. When scionwood is cut in late winter/early spring from non-symptomatic trees, there is virtually no risk to transmit 'Ca. P. mali' by grafting (Pedrazzoli et al., 2008b; Seemüller et al., 1984b) . It has been reported that in summer, phytoplasmas can be eliminated from budwood by placing foliated budsticks for 24-48 hours in oxytetracycline or chlortetracycline solution (100-200 ppm) immediately before budding (SeidI, 1980) . Diseased young trees should be uprooted because they recover poorly. Uprooting trees in older orchards does not seem to markedly affect the spread of the disease (Schmid, 1975) .
Control of the vectors is the most important measure against AP. Previous work, wh ich was carried out before 'Ca. P. mali' vectors were identified, showed that reductions in the standard insecticide programs drastically increased infection rates (Kunze, 1989) . Now, after having identified several vectors and elucidated their biology, proper timing of insecticide applications is possible. In the strategy to hold the sucker population to a level as low as possible, measures against the re-immigrating overwintering adults of C. picta and C. melanoneura are of paramount importance. Sprays have to be applied as early as possible, before egg-Iaying starts. The number of applications depends on the duration of re-immigration and on the need to control one or both of the vectors. A particular problem may arise in the control of overwintering C. picta adults in years when oviposition coincides with blossoming, in which case insecticide application is not possible. The strategy then has to be focused on the control of the new generation . In orchards where the disease is present, both the reimmigrants and the new generation have to be controlled. The new generation is potentiaJly infective when born on diseased trees and is able to infect other trees when leaving the horne trees. Also, when returning from shelters, infection is possible. At the moment, there is insufficient information about the role of F. florii as AP phytoplasma vector. In case control of this species is required, the different biology of this vector and the different timing of its occurrence in apple orchards would have to be taken into account.
Data on the ftuctuation in the phytoplasma colonization in the stem and the persistence of the pathogen in the roots (see above) has led to the conclusion that growing trees on resistant rootstocks can prevent the disease. However, extensive studies with many established and more recent rootstocks, which were mainly based on M. x domestica, have shown that there is no satisfaetory resistance in this group. Sueh trees frequently develop symptoms, remain permanently infected, and favor the development of high phytoplasma eoneentrations . Screening of a large number of other Malus taxa (see under Host Range) revealed that they are often more suseeptible to infection than M. x domestica genotypes (Kartte and Seemüller, 1991a) . However, resistance was observed in some experimental apomictic rootstock selections derived from crosses between the apomictic species M. sieboldii and genotypes of the nonapomictic speeies M. x domestica or M. purpurea (Sehmidt, 1988) . Promising resistance was identified in several seleetions including 4551, 4608, D1l31, D2212, and H0909. In several trials, resistant plants never developed specific symptoms and only rarely or temporarily showed mild symptoms such as foliar reddening or a slight yellowing. The small fmit symptom did not oeeur or was observed very seldom. Phytoplasma titer in resistant genotypes is extremely low as compared to that of M. x domestica-based rootstoeks, indicating unsuitable host properties. Both low-titer and unsuitable host properties appear to negatively affect re-eolonization of the stern and, thus, development of foliar symptoms (Bisognin et al., 2008b; Seemüller, 1991a, 1991b; Seemüller et al., 1992 Seemüller et al., , 2008 . However, the resistant rootstoeks available are not fully satisfactory from an agronomical point of view. Trees on these rootstocks are generally more vigorous and crop less than trees on standard stock M 9. Thus, a breeding prograrn involving erosses between resistant apomictic selections and standard rootstocks (mainly M 9) has been initiated to ameliorate the agronomie value of the resistant rootstocks (Jarausch et al., 2005 .
